Although the optic nerve is grouped in the peripheral nervous system, it consists of axons which are elements of nerve cells, glial cells (including myelin sheaths), and the blood vessel system. From the viewpoint of the cytoarchitecture the optic nerve resembles the white matter of the central nervous system. And further, it has been made clear from many previous reports that the optic nerve reveals variety in its cytoarchitecture according to the animal species. Therefore, investigation of the diversity of the architecture of the optic nerve, from the viewpoint of the visual specificity of each animal species or from the viewpoint of phylogeny, might give us some information about the functions or the morphological and functional differentiation of glial cells in the white matter of the central nervous system. The authors (Inoue et al. 1974 (Inoue et al. , 1976 have already reported on the structure of the chicken optic nerve, laying stress on the morphology of glial cells and the glioarchitectonics including the connective tissue architecture. At present the rhesus monkey optic nerve is being studied by electron microscopy followed by a light microscopic study as described previously (Nishimura et al. 1976 ).
Materials and Methods
Ten rhesus monkeys, weighing 3.5 to 4 kg (corresponding to 3 to 4 year olds [Schultz 1933]), were used, although they had been used in experiments for other purposes.
Monkeys anesthetized by nembutal were intravenously injected with an anticoagulant (heparin), and then were perfused with a fixative from the abdominal aorta without washing out the blood, or from the femoral artery after washing out the blood with about 700 ml Ringer 45 solution. The fixative was a mixture of 4% paraformaldehyde and 0.5% glutaraldehyde in Millonig solution (adjusted to pH 7.2 to 7.4). About 1000 ml of the cold fixative was injected, and was discharged from the inferior vena cava or femoral vein.
After about two hours the optic nerve with the eyeball attached was taken out from the orbit and was immersed in a fixative overnight.
After being cut into small pieces and washed with Millonig solution for about one hour, they were postfixed with cold 2% osmic acid in Millonig solution for about two hours. Small tissue blocks were dehydrated with graded alcohols, and embedded in epoxy resin (Epon 812 and Quetol 651 [Kushida 1974 ]) in the usual way. Ultra-thin sections were double-stained with 3% aqueous uranyl acetate solution and Sato's mixed lead solution. Semi-thin sections were heated and stained with 0.5% toluidine blue in 1% borax solution, and were observed under a light microscope using a " Nocover-lens (Olympus)" as the objective lens.
Observation
The optic nerve of the rhesus monkey was divided into three portions, the portion of the optic nerve head anterior to the lamina cribrosa sclerae, that of the lamina cribrosa sclerae, and that behind the lamina cribrosa sclerae, according to the pattern of the connective tissue septa and the distribution of glial cells, and contained three glial elements, astrocytes, oligodendroglia and microglia which had been identified by light microscopy, chiefly by silver impregnated images, as had been demonstrated by Nishimura et al. (1976) . The identification of glial cells by electron microscopy could be accomplished by comparing the findings with the light microscopic findings of semi-thin sections, and each type of glial cells in semi-thin sections was ascertained by comparison with the silver impregnated images and the findings in pa,rafED sections. Thus three types of glial cells could be classified under an electron microscope ( Fig. 1 ).
Astrocytes
In the portion behind the lamina cribrosa sclerae of the optic nerve, most astrocytes possessed a nucleus whose nucleolymph was electronlucent, revealing a clear-cut contrast to the electron-dense chromatin (Figs. 1, 2, 3, 4). The nuclei showed various shapes from oval to triangle, with frequent invAginatima of the uclear enveloPQ ( Fig. 4 ). The nuclear envelope possessed nuclear porea $0 nm in diameter with cliapbragma (Figs. 3, 4) , argund whieb a somewhat eleotron-deDse material was found, On the outer aurfage c the nuo1eus, ribosomea were atm lined, up (Figs, 3, 4) , but on the inner surface of the nuclear envelope arattil amount of highly e)eo4on-cleuse obromatiii was attached that was often aggregated into a dense clump. In the nucleus the chromatin formed one or two large masses estimated at about one p in diameter. The nucleolus consisted of a nucleolonema of a dense network which revealed an electron-density as high as that of the chromatin, and a granular, more or less, electron-lucent pars amorpha which was located in the center of the nucleolus (Fig. 2) .
Gliofilaments estimated at about 8 nm in diameter were found in great numbers throughout the perikaryon and primary processes.
In the cell bodies gliofilaments forming bundles ran near the nucleus and in the peripheral area to sandwich cell organelles (Figs. 2, 3, 4) . The cell organelles in the perikaryon contained mitochondria, rough-surfaced endoplasmic reticulum, free ribosomes, Golgi apparatus, lysosomal bodies and so on. In the primary processes, on the other hand, a few mitochondria, rough-surfaced endoplasmic reticulum and free ribosomes appeared to be intermingled with the gliofilaments (Figs. 2, 3, 4) . The mitochondria showed elongated or short oval shapes with tubular cristae, and their matrices were finely granular and dark (Figs. 3, 4) . The cisternae of the rough-surfaced endoplasmic reticulum were small but enlarged, and frequently their surfaces were not entirely covered with ribosome granules, but were partially smooth. The cisternae contained homogeneous material with a relatively high electron-density (Figs. 3, 4) . Free ribosomes were often grouped to form a rosette structure consisting of 6 to 10 granules, and were dispersed in the perikaryon and primary processes (Figs. 3, 4) . The Golgi apparatus was welldeveloped in the perikaryon.
It consisted of distended cisternae, and vesicles and vacuoles containing amorphous, somewhat electron-dense material (Figs. 3, 4) . Around the Golgi apparatus tubular smoothsurfaced endoplasmic reticulum (about 30 nm in diameter and about 160 nm in length) was found to contain electron-dense, homogeneous material ( Fig. 4 ). Homogeneous, electron-dense dense bodies occurred very frequently in the perikaryon, and lysosomal bodies containing heterogeneous structures were often found (Figs. 2, 3, 4). A centriole was commonly found, and somewhat infrequently it showed a cilium-like structure accompanying a tail of microtubules (Figs. 2, 5). The cell bodies and processes were adjacent to each other, forming desmosome-like structures.
In these contact areas, spaces between two cells were estimated to be broadened to about 35 nm, and the cytoplasm became more electron-dense and crowded with numerous gliofilaments (Figs. 2, 7) .
The surface of the connective tissue septa was entirely covered with the cell bodies and processes of astrocytes which were directly in contact with the basal lamina of the septa, but no other element was attached to the connective tissue septa. The contact surface was uneven, and the cytoplasm shoved a high electron-density due to glio-filaments running densely in parallel to the plasma membrane to form so-called " semi-desmosome structure " (Figs. 6, 7). Unusual astrocytes rarely possessed nuclei different in shape from those of typical astrocytes described above (Fig. 5 ). The chromatin. was lower in electron-density and finely granular, being dispersed diffusely, but not forming clumps with high electron-density.
However, since this type possessed numerous gliofilaments and other cell organelles like typical astrocytes, and was similar to the astrocytes in the portion of the optic nerve head discribed below, it was considered to be a form of astrocyte.
In the portion of the lamina cribrosa sclerae dense connective tissue fibers encircled completely each bundle of nerve fibers which had become unmyelinated.
The cell bodies of most astrocytes were embedded in the connective tissue septa, and were piled up alternately with the connective tissue fibers along the nerve fibers.
The cell bodies were discoid in shape and were arranged parallel to the transverse plane of the optic nerve. They sent out thick primary processes from which thin secondary processes extended among the unmyelinated nerve fibers ( Fig. 8 ). Astrocytes were connected here and there with each other by desmosome-like structures ( Fig. 8 ). Although the nuclei were similar in shape to those of astrocytes in the optic nerve behind the lamina cribrosa sclerae, the cytoplasm contained a greater number of gliofilaments to appear dark as a whole, and the cell organelles were restricted around the nucleus and at bifurcations of primary processes. Light astrocytes with less electron-dense cytoplasm, however, often found, and the low electron-density seemed to depend upon smaller number of gliofilaments ( Fig. 8 ). Cell organelles consisted of mitochondria, rough-surfaced endoplasmic reticulum with short cisternae, flattened Golgi apparatus, rosettes of free ribosomes, lysosomal bodies and so on. From the perikaryon to the primary processes short, tubular smoothsurfaced endoplasmic reticulum about 50 nm in diameter was observed. Astrocytes in this region were more frequently found to possess the centriole, and sometimes the cilium-like structure ( Fig. 9 ).
With a transition from the portion of the lamina cribrosa sclerae to the optic nerve head, the connective tissue fibers were rapidly decreased in number, and the cytoplasm of the astrocytes was substituted for them to circumscribe the nerve fiber bundles (Fig. 12 ). The cell bodies and processes appeared to be flattened parallel to the transverse plane and were piled upon each other, interspersed partially by a small number of connective tissue fibers, and partially by the basal lamina associated with them ( Fig. 10 ). Desmosome-like structures were found between the astrocytes.
The nucleolymph of the astrocyte in this portion became more or less electron-dense.
The chromatin was dispersed diffusely in the nucleus and was aggregated into one or two clumps which revealed no clear contrast to the nucleolymph. The nucleolus of about 1 i in diamter consisted of an electron-dense, coarse network of the nucleolonema and a relatively light and granular pars amorpha, possessing an associated chromatin.
Nuclear pores were present, and were closed by diaphragma, around which there was greater electrondensity than in the nucleolymph.
Between dense bundles of gliofilaments cell organelles occurred, consisting of relatively well-developed electron-dense mitochondria, rough-surfaced endoplasmic reticulum, free ribosomes, and Golgi apparatus.
Cisternae of the rough-surface endoplasmic reticulum were short and rarely distended, and a part of them was often agranular.
The Golgi apparatus was enriched by vesicles containing intermediately electron-dense material. Short rod-like structures occurred around the Golgi apparatus, revealing an electron-density as high as that in the Golgi vesicles, as might be similar to astrocytes in other portions of the optic nerve described above ( Fig. 12 ). Branching, tubular, smooth-surfaced endoplasmic reticulum was found to be well-developed in the perikaryon and the primary processes and to be partially granular with a few ribosomes.
Astrocytes in this portion of the optic nerve were most frequently found to possess the centriole and sometimes cilium-like structures (Figs. 12, 13). It was commonly observed that gliofilaments ran so densely throughout the perikaryon and processes that they made the cytoplasm dark in electron-density. Some astrocytes, however, were light because of the coarse distribution of gliofilaments in the cytoplasm (Figs. 11, 12). Lysosomal bodies, which contained a homogeneous substance with various electron-density, were less frequently observed than in the astrocytes described above, although lipofuscin-like structures containing heterogeneous electrondense material were frequently observed ( Fig. 13 ).
On the vitreous surface of the optic nerve head, the basal lamina containing fine filamentous structures covered the processes and cell bodies of astrocytes which occupied the superficial area of the optic nerve head. The structure of these astrocytes, which contained numerous gliofilaments, was similar to the structure of those in other areas of the optic nerve head.
Between the vitreous body and the blood vessels supplied from the central artery and vein, the cytoplasm of astrocytes was dispersed ( Fig. 14) .
In the border region between the retina and optic nerve, and at the height of the choroid and pigment cell layer, astrocytes grouped to form the cytoplasmic septum, plainly extending processes between the outer or inner granular layer and the optic nerve fiber layer and invading the retina.
The processes were connected with each other by desmosome-like structures.
This cytoplasmic septum disappeared near the ganglion cell layer ( Fig. 15 ).
At the optic nerve fiber layer of the retina near the optic nerve head, astrocytes were also found. The chromatin in the nucleus of this type was electron-dense, and gliofilaments were distributed densely throughout the perikaryon and processes to show high electron-density of the cytoplasm.
The cell bodies or the processes were frequently connected with those of other astrocytes by desmosome-like structures, and were attached to the blood vessel walls, intermediated by the basal lamina and often by a small number of connective tissue fibers ( Fig. 16 ).
Oligodendroglia
The nucleus of the oligodendroglia was located eccentrically in the cell body. Its external contour was usually round to oval without indentation of the nuclear envelope ( Fig. 1) . The outer and inner membranes of the nuclear envelope were often apart from one another, and nuclear pores with diaphragma were clearly visible. On the outer surface of the nuclear envelope ribosomes were often lined up ( Fig. 1) , and on the inner surface, coarse masses of chromatin, which were intermediately electron-opaque, were attached. On the other hand, the chromatin was coarsely aggregated into clumps here and there in the nucleus, but a clear-cut line could not be drawn between the chromatin masses and nucleolymph by the diversity of the electron-density (Figs. 17, 18). The nucleolus consisted of a coarsely netted nucleolonema which was slightly higher in electron-density than the chromatin, and a relatively lighter pars amorpha which was located in the center of the nucleolus.
The chromatin associated with the nucleolus was present (Fig. 1) .
The cytoplasmic matrix was finely granular and somewhat dark. Rough-surfaced endoplasmic reticulum arranged in layers, and ribosomes forming resettes were well-developed.
The Golgi apparatus was welldeveloped with distended cisternae.
Lysosomal bodies were sometimes found to include a heterogeneous substance with diverse electrondensity, but small bodies with electron-lucent cores were rarely found. A centriole was often found, but the cilium-like structure seen in astrocytes was never observed.
Although no gliofilaments, such as those found in astrocytes, occurred, abundant microtubules of about 20 nm in diameter were found in the perikaryon and in the initial portion of the primary processes ( Figs. 17, 18) .
At the contact surface with astrocytes, the cytoplasm of both cells as well as the intercellular space became, but infrequently, more electron-dense to form a desmosome-like structure.
Microglia
The nuclei of the microglia were mostly uneven elongated oval in shape, and the large, electron-dense masses of the chromatin were associated with the nuclear envelope (Figs. 19, 20, 21). The nucleolymph was intermediately electron-dense revealing a clear-cut border against the predominantly electron-dense chromatin clumps.
The nucleolus consisted of nucleolonema less electron-opaque than the chromatin, and the light pars amorpha which was circumscribed by the nucleolonema (Fig. 19) . The nucleolus-associated chromatin was very often attached to the nuclear envelope, which possessed pores closed by diaphragma (Fig. 21) . The outline of cell bodies was remarkably uneven and irregular with cytoplasmic protrusions.
The electron-density of the cytoplasmic matrix was lighter than that of the oligodendroglia.
The cell organelles consisted of a small amount rough-surfaced endoplasmic reticulum with short cisternae, a few ribosomes with rosette-structures, dark mitochondria, and so on. The relatively well-developed Golgi apparatus was enriched by Golgi vacuoles and vesicles, and around it rod-like structures containing an electron-dense substance occurred (Figs. 19, 20, 21). The few microtubules and filaments which were present, revealed the same appearance as that of the oligodendroglia and astrocytes.
Lysosomal bodies were commonly found to possess a heterogeneous structure (Figs. 19, 20) . Although microglia occurred throughout the optic nerve, those in the optic nerve head tended to possess larger amounts of the cytoplasm of the perikaryon (Fig. 21 ).
Discussion

Identification of glial cells
Glial cells in the mammalian and avian brain and spinal cord have been classified into three types (except ependymal cells) ; astrocytes, oligodendroglia, and microglia by light microscopy (Nakai 1963 , Polak 1965 Cone and Macmillan (1932) as well observed three types of glial cells in the optic nerve of the rabbit, cat and man ; and Wolter (1957) demonstrated astrocytes and microglia in the human optic papilla by the silver carbonate method. Inoue et al. (1974 Inoue et al. ( , 1976 ) also demonstrated the above three types of glial cells in the chicken optic nerve by Golgi method. Therefore, it was considered that from the three-dimensional features of the silver-impregnation methods, the same criteria for identification could be applied to the glial cells in the mammalian or avian optic nerve as could be applied to the glial cells in the central nervous system. On the other hand, although there have been arguments up until now about microglia (Peters, Palay and Webster 1970), except for the initial confusion resulting from faults in fixation and embedding techniques, astrocytes and oligodendroglia have been easily identified by electron microscopy. In the present electron microscopic study, however, glial cells in the rhesus monkey optic nerve could be classified into three types, which revealed a clear-cut diversity, on the basis of the findings of the preliminary light microscopic study by Nishimura et al. (1976) .
As for the characteristics of astrocytes in electron microscopy, filamentous structures running throughout the perikaryon and processes have been pointed out. In Cajal's gold sublimate method, which selectively stained only astrocytes as observed under the light microscope, because metal grains were precipitated chiefly on the filamentous structures, it was clear that astrocytes might be cells that contain numeous filamentous structures (Vaughn and Pease 1967, Mori and Leblond 1969b). As pointed out in electron microscopic studies on astrocytes in the mammalian and avian optic nerve, such as in the cat (Wendell-Smith 1966), in the rat (Vaughn and Peters 1968), in man and monkey (Anderson 1969, Anderson and Hoyt 1969) and in the chicken (Lyser 1972, Inoue et al. 1974 Inoue et al. , 1976 , astrocytes are characterized by the possession of electron-lucent nuclei, and cytoplasm containing abundant filamentous structures and many lysosomal bodies. Therefore, the astrocytes in the optic nerve, which under a light microscope showed the same silver images of a typical fibrous form as the astrocytes in the white matter of the central nervous system, possessed identical characteristics in electron microscopy as well (Mathew and Duncan 1971).
Although astrocytes in the optic nerve head of the monkey were different either in the external configuration by Golgi methods (Nishimura et al. 1976) or in the fine structure of the nucleus (Anderson 1969) from astrocytes in other portions of the optic nerve, it might be reasonable to identify them as one type of astrocyte because they possess the vascular feet and abundant filamentous structures in the cytoplasm. This diversity of astrocytes has been observed as well in the chicken optic nerve head (Inoue et al. 1974 (Inoue et al. , 1976 .
Glycogen particles, however, which have been pointed out as one of the characteristic findings in astrocytes, were never present in the astrocytes of the rhesus monkey optic nerve in the present study. It is possible that glycogen particles might have been washed out or consumed during the fixation procedure which took about one hour for the perfusion of washing-solution and fixative, as had been noted by Anderson and Hoyt (1969) .
The oligodendroglia could be easily identified when the findings of semi-thin sections embedded in epoxy resin were taken into consideration, because oligodendroglia in the optic nerve tended to be lined in rows between nerve fibers as interfascicular glial cells, and their round to oval and smooth-surfaced cell bodies of silver-impregnated images were arranged in contact with each other. Anderson and Hoyt (1969) The Glioarchitectonics of 2he Rhesus Monkey Optic Nerve 53 observed oligodendroglia in man and monkey optic nerves fixed with immersion fixation, and reported that in electron microscopic findings there had been no difference between those oligodendroglia and the oligodendroglia fixed with perfusion fixation, which was also employed in this study.
In addition, Vaughn and Peters (1968) investigated oligodendroglia in the optic nerve of the rat, Wendell-Smith et al. (1966) in the cat, and Lyser (1972) and Inoue et al. (1974 Inoue et al. ( , 1976 in the chicken. According to this information oligodendroglia were, as a whole, more electron-dense than astrocytes.
The chromatin tended to be grouped to form masses, and to be associated with the nuclear envelope, although there was a diversity in the electron-opacity and the density of the chromatin distribution according to the animal species.
Since the nucleolymph was electron-dense as well, the border between the chromatin clumps and nucleolymph did not show a high contrast in electrondensity.
Further, it has been pointed out that characteristically the cytoplasm of oligodendroglia contains well-developed rough-surfaced endoplasmic reticulum, free ribosomes and Golgi apparatus, and especially, microtubules instead of gliofilaments and glycogen particles which were specific structures in astrocytes.
And it was ascertained that these findings were commonly observed in oligodendroglia in the monkey optic nerve in this study.
Although, as described above, the fine structures of astrocytes and oligodendroglia have been made clear, there has been much obscurity about the electron microscopy of microglia (Peters, Palay and Webster 1970). Nishimura et al. (1976) demonstrated the occurrence of microglia in the rhesus monkey optic nerve by the Golgi method, but Anderson and Hoyt (1969) and Anderson (1969) did not refer to microglia at all in spite of detailed information from electron microscopy about the fine structures of astrocytes and oligodendroglia in the same animal species. Identification of microglia in this study was accompalished by the comparison with the findings of a light microscopic investigation by Nishimura et al. (1976) . Mori and Leblond (1969a) identified microglia in the cerebral cortex and corpus callosum of the rat by preparing ultra-thin sections of materials stained with silver carbonate method for microglia, and observing them under an electron microscope in comparison with the usual electron microscopic findings. According to their investigation, microglia in the rat brain possessed a nucleus in which the electron-dense chromatin clumps were associated with the nuclear envelope, and showed a clear contrast to the relatively light nucleolymph.
The cytoplasm was as dense as the nucleolymph, containing only a small amount of rough-surfaced endoplasmic reticulum and ribosomes, but frequent lysosomal bodies with halos. No filamentous structures were present, but microtubules were often found. The microglia in the rhesus monkey optic nerve were similar to the rat microglia in such various points as the shape of the nucleus, the density of the cytoplasm, the distribution of Golgi apparatus, and the existense of lysosomal dense bodies and microtubules.
On the other hand, the rhesus monkey microglia differed from the microglia of the rat in that the rough-surfaced endoplasmic reticulum and free ribosomes were always present with all a small amount and because sometimes filamentous structures occurred in the monkey microglia. In the chicken optic nerve Inoue et al. (1974 Inoue et al. ( , 1976 recognized the other type of glial cells which contained nuclei with chromatin clumps more electron-dense than those of astrocytes or oligodendroglia, and identified them as microglia, when comparing them with the light microscopic findings. King et al. (1970) noted a type of glial cells in the red nucleus of the rhesus monkey other than astrocytes or oligodendroglia, which resembled the microglia identified in this study. Vaughn and Peters (1968) observed that in the rat optic nerve " the third type glia " was present besides astrocytes and oligodendroglia which might probably correspond with a kind of glioblast, although it was unknown whether this type would be identical with so-called "microglia" stained by silver-impregnation methods.
However, the fine structures of this type were similar in some points to microglia identified by Mori and Leblond (1969a).
Thus it was considered that the microglia originally identified by the characteristic silver-impregnated images might be recognizable by electron microscopy as well, and that it might be reasonable to suppose that some difference could be observed in the cell structures by electron microscopy as well as in the silver-impregnated features of microglia found during development (Shimai and Inoue 1973) and in phylogeny (Inoue et al. 1974 ).
The glial cells in the optic nerve
Astrocytes in the whole length of the optic nerve were attached to the pia matter, connective tissue septa, and vitreous body, intermediated by the basal lamina to form the so-called glial limitting membrane, which put the nervous tissue proper into one mass and separated it from surrounding tissues.
Further, since the cell bodies and processes of astrocytes, which contained many gliofilaments (= tonofilaments), which were said to be composed of a-keratin (Bairati 1958) , were tightly connected with each other by desmosome-like structures, and with the connective tissue septa by semi-desmosome-like structures, it was considered that they might form a tough cytoplasmic network among the connective tissue septa, through which the optic nerve fibers could run longitudinally, and play a role as the predominant supporting apparatus of the optic nerve together with the connective tissue.
As Anderson et al. (1967 Anderson et al. ( , 1969 had pointed out concerning the man and monkey optic nerves, there were some differences between the fine structures of astrocytes in the portion of the lamina cribrosa sclerae, or that behind the lamina cribrosa sclerae where connective tissue septa occurred, and those in the optic nerve head where no connective tissue septa occurred.
Anderson et al. presumed that astrocytes in the optic nerve head might probably carry on limited metabolism and fill a chiefly supporting function because of the great number of tonofilaments in the cytoplasm, and the frequent occurrence of desmosome-like structures between them. Astrocytes in the central nervous system also showed a diversity in shape depending upon the regions where they occurred ; for example, astrocytes in the gray matter were chiefly protoplasmic forms, but in the white matter were predominantly fibrous forms, between which there was the difference not only in light microscopy but also in electron microscopy (Nakai 1963, Polak 1965, Peters, Palay and Webster 1970). It was considered that this diversity might reflect the function related to the variety of tissue constituents surrounding the astrocytes.
In the optic nerve behind the lamina cribrosa sclerae where all nerve fibers were myelinated, astrocytes were located among the dense and longitudinal bundles of the myelinated nerve fibers. Therefore, it was seriously considered that in some function they might be different from the astrocytes in the optic nerve head, where astrocytes were present among unmyelinated nerve fibers, consequently reflecting the difference in morphology.
Further, since astrocytes in the rhesus monkey optic nerve head contained well-developed free ribosomes, roughsurfaced endoplasmic reticulum and tubular smooth-surfaced endoplasmic reticulum in spite of being restricted between dense bundles of gliofilaments, it was considered that they could be sufficiently referred to the metabolic aspects as well as the supportive function.
Astrocytes in the optic nerve head were aggregated to form a cell mass, the so-called " Kuhnt's intermediate tissue ", at the border between the retina and optic nerve, and further, were located like the septum to separate the optic nerve fiber layer from other lower layers of the retina near the optic nerve head. In the optic nerve fiber layer itself near the optic nerve head, astrocytes were dispersed, and their processes were interwoven with those of the Milner cells. This fact offers interesting problems about functional differences between the two types of cells, because Mailer cells had been said to be a type of astrocytes in function ; and about the relationship between the Willer cells and astrocytes of the optic nerve during development, because astrocytes in the optic nerve had been said to be probably derived from the primordial cells of the optic cup and stalk.
Since occurrence of oligodendroglia in the optic nerve seemed to be quite coincidental with the existence of myelin sheaths, they were considered to play a role, predominantly as myelin forming cells, as has been described by many investigators.
Although oligodendroglia in the central nervous system, on the other hand, have been said to be intimately related to the metabolism of neurons (Hyden and Lange 1962) , oligodendroglia in the optic nerve might not be related to the function or metabolism of axons, at least in the optic nerve head where all nerve fibers were unmyelinated and no oligodendroglia occurred. Therefore, other types of glial cells, especially astrocytes, were considered to be made more significance in the function and metabolism of nerve fibers.
Microglia were distributed in the whole length of the optic nerve in spite of occurrence less frequent than that of the other two types of glial cells. However, because the cell organelles of microglia were relatively well-developed, it was presumed that microglia might actively function in the optic nerve, although actual functions were yet unknown.
An extracellular space consisting of loose connective tissue was found around the vascular system of the monkey as well as that of man and chicken, and collagenous fibrils always occurred even though the blood vessels became extremely small. Anderson and Hoyt (1969) have pointed out that these findings were considered to correspond with the findings in the vascular system of the area postrema or the neurohypophysis where no blood-barrier has been said to be present. Further, it was characteristic of the structure of the peripheral nerves that loose connective tissue occupied the space around the blood vessels, including capillaries, and that the nervous tissue proper was intimately enclosed by the basal lamina which was continuous with the loose connective tissue. Therefore, it might be said that the optic nerve showed a vascular system similar to that of the peripheral nervous system, and that it probably possessed a transportation mechanism of metabolic substance different from that of the general central nervous system.
There has been a hypothesis about the origin of microglia which suggested that they might be derived from hematogenous cells which penetrate the capillary wall and the basal lamina to be transformed into pericytes, and then migrate into the brain parenchyma to become so-called microglia.
The optic nerve, however, possesses such a structure that it is difficult to believe that microglia might be derived through the vascular wall, since there is a broad extracellular space between the blood vessel wall and the glial limiting membrane which consists of the cytoplasm of astrocytes connected tightly to each other. So it is possible that three types of glial cells, including microglia, might originate from stem cells of the developing retina and optic stalk. Further investigation on the differentiation and growth of glial cells in the optic nerve might give us some suggestions about the procedure by which glial cells are developed in the central nervous system. Summary 1. Three conventional types of glial cells, astrocytes, oligodendroglia and microglia, could be identified by electron microscopy in the rhesus monkey optic nerve. The morphological characteristics of each type of glial cell were common with those described previously in the optic nerve and brain of the rat, cat, monkey, man, chicken and so on. Microglia, especially, which have been said to be difficult to identify, possessed characteristic features in the nucleus and cytoplasm, as had been pointed out in the rat brain (Mori and Leblond 1969a) and in the chicken optic nerve (Inoue et al. 1974 (Inoue et al. , 1976 ).
2. Astrocytes in the optic nerve head revealed the fine structures different from those in other portions of the optic nerve, probably depending upon the fact that in the optic nerve head nerve fibers were all unmyelinated and were grouped into bundles by the cytoplasmic septa of astrocytes instead of by the connective tissue fibers found in other portions.
3. Since oligodendroglia occurred simultaneously with the existence of myelin sheaths, it would be difficult to consider that oligodendroglia might play a significant role in addition to myelin formation and maintenance.
4. Microglia were present along the whole length of the optic nerve, but their function was yet unknown.
5. The connective tissue septa in which the blood vessels, including capillaries, were all embedded, made up a three-dimensional network in the optic nerve, supporting the nerve fiber bundles together with a cytoplasmic network of astrocytes. 9) Inoue, Y., Inoue, Y., Nishimura, Y. and Shimai, K. : " The glial cells in the reptilian brain and spinal cord -Golgi study-" Okajim-as Folia anat. jap., 51 : 161-188, 1974. 10) Inoue, Y., Nishimura, Y., Inoue, Y., Sugihara, Y., Nakagawa, S. and Shimai, K. : " The glioarchitectonics of the chichen optic nerve -Golgi study and electron microscopy-" Okajimas Folia anat. jap., 52 : 249-272, 1976. 11) Inoue, Y., Nishimura, Y. and Shimai, K. : " Glio architectonics of the rhesus monkey optic nerve.
Electron microscopy." Acta Anat. Nippon., 50 : 289, 1975. 12) Inoue, Y., Sugihara, Y. and Shimai, K. : " The morphological changes of oligodendroglia during the formation of myelin sheaths -Golgi study and electron microscopy-."
Okajimas Folia anat. jap., 50 : 327-344, 1973. 13) King, J, S. and Schwyn, R. C. : " The fine structure of neuroglial cells and pericytes in the primate red nucleus and substantia nigra. 
